The objectives of this study were to determine if the HTR2C Cys23Ser polymorphism is associated with migraine in a casecontrol study, and to perform a meta-analysis with present and previous available studies. The HTR2C gene is located at the Xq24-q28 chromosomal band. This band was linked to migraine with aura (MA) in two Australian families. Using the HTR2C Cys23Ser allelic variant, this gene has been ruled out as a migraine gene in 3 out of 4 studies. Only the Japanese study reported a higher risk for MA (OR=6.11; 95% CI=1.70-21.97, p trend<0.01). We performed a case-control study with 335 migraine subjects and 335 sex-and age-matched controls, and a meta-analysis pooling the results of the available data from MA subsets of patients. In the association study we found no significant differences among migraine and MA patients for this polymorphism. In the meta-analysis, under the fixed-effect model, the Ser allele did not confer higher risk for suffering MA (pooled OR=1.1; 99% CI=0.8-1.5, p=0.499). Our study did not confirm the HTR2C Cys23Ser polymorphism as a risk factor for migraine and MA.
Introduction
The serotonergic system has a pivotal role in migraine pathophysiology and therapy [1] . Triptans act through their coupling to some subtypes of serotonergic receptors. Significant allele sharing was found in the telomeric region of the X chromosome (Xq24-q28) in a linkage study with two Australian migraine families [2] . This chromosomal band contains, among others, the gene HTR2C that codes for the HTR2C receptor [3] . The HTR2C Cys23Ser allelic variant was shown to influence the metabolism of norepinephrine in the cerebrospinal fluid in a Finnish sample of predominantly alcoholic offenders [4] , but this effect was not corroborated in any other study [5] . After this promising scenario with the HTR2C gene, this gene was further discarded as a candidate in Australians using 2 single nucleotide polymorphisms (SNP) corresponding to Cys23Ser substitution, and a 3' untranslated region (UTR) SNP [6] . They found identical allelic frequencies for both SNPs in the total sample and specifically in the male subsample. The HTR2C Cys23Ser has also been analysed in 3 other populations with discrepant results [7] [8] [9] . In the Japanese study, a 6-fold higher risk for suffering from migraine with aura (MA) was found for subjects carrying at least one HTR2C 23Ser allele, but the other 2 studies failed to demonstrate any such association.
Here we tested if the HTR2C Cys23Ser polymorphism modifies the risk for suffering from migraine, especially MA, in a matched case-control study, and also we performed a metaanalysis with present and previous available studies.
Patients and methods

Subjects
We recruited a sex-and age-matched sample of subjects consisting of 335 unrelated patients (aged 38.6±15.0 years) and 335 controls (aged 38.9±13.9 years) ( Table 1 ). The migraine patients were diagnosed as having IHS [10] migraine without aura (MO) (151; aged 41.9±16.5 years) and MA (184 cases; aged 35.7±13.0 years). Some 85 MA patients had also experienced MO attacks. All were Caucasians living in Cantabria, in northern Spain. Patients were recruited in our general neurological clinic, and the matched controls were mainly from among patients' friends. All cases and healthy controls were interviewed by an experienced neurologist. Informed consent was obtained from all patients and controls before entering the study. The protocol had been approved by our local ethics committee.
Genetic analysis
We performed allelic discrimination to detect the Cys23Ser polymorphism using fluorogenic 3'-minor groove binding probes (MGB) in a real-time polymerase chain reaction (PCR) assay [11] . The PCR was performed in an ABI Prism 7000 thermocycle, using fluorescently labelled probes and primers following the manufacturer's instructions (Applied Biosystems). The reaction was carried out in a final volume of 5 ul containing 1× Taqman Universal PCR Master Mix (Applied Biosystems). PCR cycling conditions consisted of one cycle of 2 min at 50ϒC and one of 10 min at 95°C, followed by 48 cycles at 92°C for 15 s and 62°C for 1 min. Genotyping was performed twice for each individual. The person who performed genetic analysis was blinded with respect to clinical status.
Statistics
Genotypic and allelic frequencies were cross-tabulated with regard to clinical group and sex. As we tested only X-linked markers, the Hardy-Weinberg equilibrium was analysed only in females. Odds ratios (ORs) were estimated using a logistic regression model to assess whether HTR2C Cys23Ser significantly contributed to predicting migraine, MA and MO. We constructed a logistic regression equation entering the polymorphism as a binary condition under a dominant model. For general significance, the p value level was set at 0.01. For categorical analyses, we report overall χ 2 test of association (α=0.01). Further adjustments for multiple testing were applied (stratification for sex and type of migraine) using Bonferroni's method. The power of the association population was based on the alternative hypothesis of an associated rare allele at α=0.01 exhibiting a prevalence of 15% in the general population. Therefore, in order to detect a two-fold increase in the case group we estimated the power of this study as greater than 80%.
For meta-analysis, point estimates of ORs were calculated by the Mantel-Haensel method to investigate if the presence of the Ser allele increased the risk for MA vs. controls. Genotypes Cys/Ser and Ser/Ser were then grouped and named Ser+. The subgroup of patients identified as MA+MO was treated as MA patients. A fixed-effect model was initially applied to calculate a pooled OR estimate after Mantel-Haensel weighting, allowing for within-study variability. Cochran's Q, H and I 2 statistical measures of consistency and heterogeneity were also calculated (see program MIX v.1.54 documentation [12] ).
Results
Association study (Table 1) A total of 244 women (135 MA) and 91 men (49 MA) with migraine, and 335 sex-and age-matched controls were genotyped for the HTR2C Cys23Ser polymorphism. The allele frequencies in controls were within the range of 0.81-0.91 for Cys and 0.09-0.19 for Ser reported in different ethnic populations [3, 13] . The Hardy-Weinberg equilibrium fitted in MA females (p=0.17) and in control females (p=0.23). There were no significant genotypic differences among migraine females (χ 2 =5.007; 4 df, p=0.287) or males (χ 2 =0.284; 2 df, p=0.868) vs. controls. Some differences emerged after stratification by sex. A non-significant excess of the Ser allele was observed (p=0.031, ns) for MA women vs. controls. Ser allele conferred a mildly higher risk for MA among females (OR=1.56; 99% CI: 0.8-2.9; p=0.060). Migraine males had lower (0.132), but not significantly lower, rates of the Ser allele than females (0.166). As we did not match the sample among migraine cases by age, we introduced this variable in the comparisons between MO and MA. We did not observe significant differences in the effect of HTR2C genotypes between MO and MA in females or in males.
Meta-analysis (see Fig. 1 
)
We found four association studies and two linkage studies.
The clinical and genetic data from the Australian study [6] were obtained by personal communication with the authors and have been published elsewhere [14] . Briefly, they found 24 Ser+ MA patients (19 females) and 66 controls (55 females), and 96 MA patients (59 females) and 201 controls (144 females) lacking the Ser allele. Only the Japanese study [9] reported positive results. They observed a more than 6-fold increased risk for suffering from MA conferred by the Ser allele. They obtained a broad confidence interval, as their number of MA patients was very low. The present study, like the Australian, Danish [7] and Italian studies before [8] , disclosed negative results (see Fig. 1 for details) . The Japanese and Italian studies had a very low number of MA patients and one of them also of controls. The Ser allele was found in 109 out of 452 pooled MA cases, and in 180 out of 1055 pooled controls. Under the fixed-effect model (Table 2 and Fig. 1 ), the pooled OR reached 1.10 (99% CI=0.76-1.58; p=0.498). Statistics Q (p=0.115), and H=1.36 (99% CI=1.0-2.635) indicated neither significant heterogeneity within studies nor across-study variability (I 2 =46.14%; 99% CI=0-85.8%). 
Discussion
In our association study we failed to detect genetic association of HTR2C Cys23Ser polymorphism with migraine. Even when we observed an excess of Ser allele, which conferred a mildly higher risk for suffering from MA in females (OR=1.56; 99% CI: 0.8-2.9; p=0.060), this effect was not significant. A loss of power is evident after sex stratification. The meta-analysis also failed to demonstrate the genetic association of MA with HTR2C Cys23Ser polymorphism. The Danish study found similar results to ours. The Australian study even showed a lower frequency of Ser allele in MA cases than in controls. The only positive study was performed in Japan. In this ethnic group, the Ser allele frequency was very low in controls and in MO patients. The participants in the Danish study were mainly men (n=137) and there was a very low number of female controls (n=34). Our study was matched for sex and age as the Australian one, and we found a higher prevalence of Ser allele in women than in men. The meta-analysis therefore included five studies with important clinical, ethnic and numerical differences that might bias the final result. Taking into account these limitations, the power of our meta-analysis was low, hence we could only exclude OR>1.8. Other serotonin receptors have been genetically studied in migraine with mainly negative results [8, [15] [16] [17] .
In conclusion, although the HTR2C Cys23Ser is an attractive variant of a gene functionally implicated in migraine, we could not demonstrate that this polymorphism is associated with either migraine or MA. The differences observed across the studies may also be explained by their limited power due to small sample sizes, mainly the low number of MA females, selection bias and ethnic differences. Our meta-analysis showed no significant involvement of the Ser allele, and it is not likely that this polymorphism is involved in MA. 
